Abstrak
In developed countries such as U.S.A, mortality due to brain injury reaches 43% of all mortality from trauma. 2 During the last decades, 1.5 to 2.0 million people suffered from brain injuries each year; about 250,000 of these patients required hospitalization and about 52,000 died. In 1985, prolonged post-traumatic In many developing and developed countries, trauma is the leading cause of mortality in the age group under 45 years, causing far more losses of people in productive age than cardio-and cerebrovascular diseases or malignancy. In the traumatic group, brain injury causes about 50% of mortality.
care became an economic burden, spending 4.5 billion USD in America, and currently causes health-care expenses of 11 billion USD every year in 11 Southeast Asian countries. The "World report on traffic injury prevention" in the 2004 WHO publication titled "Violence and injury prevention section" stated that by 2020, road traffic accidents will occupy the third rank in public health burden worldwide. 3 Traumatic brain injury consists of primary injury related to biomechanical trauma and secondary damage. Secondary brain damage is triggered by post-traumatic hypoxia in brain tissue, which induces a cascade of destructive biochemical reactions on the cellular level, leading to additional mortality of nerve cells. 4, 5 This cascade of reactions comprises free radicals release, neuroinflammation and apoptosis, which are considered to worsen the primary brain injury and to influence the outcome of patients. Secondary brain damage as a result of neuroinflammation is due to the release of inflammatory mediators, especially interleukin 6 (IL-6), the primary regulator of neuroinflammatory reactions. High levels of IL-6 in acute phase of brain injury is allegedly associated with the degree of brain damage, 4, 5 including bloodbrain barrier damage, which may lead to brain tissue ischemia. Due to post-brain injury blood-brain barrier damage, it is assumed that IL-6 will be increased in the serum of patients with severe brain injury. 6 Increased amount of free radicals that exceed the endogenous antioxidant capacity lead to oxidative stress, which can cause destruction of lipid, protein and DNA. 7 Uric acid is the product of endogenous purine breakdown from reactions catalyzed by xanthine oxidase. Increased activity of xanthine oxidase occurs in ischemic conditions and in response to the increased amounts of pro-inflammatory cytokines. A byproduct of the reaction catalyzed by xanthine oxidase is superoxide radical, which aggravates oxidative stress (Figures 1 and 2) . Serum uric acid level measurement is expected to represent xanthine oxidase activity.
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Increased reactive oxygen species (ROS) as the product of serial enzymatic reactions or due to mitochondrial dysfunction in secondary brain injury can induce lipid peroxidation (LPO) and lead to post-traumatic neuronal degeneration. Because of the difficulty to measure free radicals directly, alternative method to assess their involvement in brain injury is by the LPO byproducts measurement, such as malondialdehyde (MDA). 9 Glutathione (GSH), a tripeptide thiol, is an important substance in the defense mechanisms against free radicals and hydroperoxides. GSH functions in the storage and transportation of cysteine, in maintaining protein and thiol reduction status, and in protecting cells from toxic components such as ROS, drugs or heavy metals. GSH acts as an endogenous antioxidant. 10, 11 Ischemic condition may stimulate cascades of neurotoxic reactions, in which excitated N-methyl-d- ) influx through the channels of NMDAR may potentiate mitochondrial depolarisation and increase superoxide radical production from mitochondria. Blood-brain barrier damage and activation of thrombin-activated serine protease can make a gap in synaptic NMDA receptors. Increased concentrations of peptides produced from a specific NMDAR gap in the brain can be released into the systemic blood circulation, e.g. NR2A. The latter may act as antigen initiating the immune response that leads to the emergence of autoantibodies in the blood. NR2A antibody measurement was used to assess NMDAR activation and could thus have prognostic value in brain injury patients, 9 ,12 similar to before-mentioned IL-6 (representing neuroinflammation) and uric acid, MDA, and GSH serum level (representing oxidative stress).
For assessment of brain injury patient awareness in the acute phase, the GCS scoring system (Glasgow Coma Scale) is universally used. Patients are categorized as in 'coma' if the GCS score is under 8 (GCS < 8). For assessment of the patients' outcome, the GOS scoring system (Glasgow Outcome Scale) is generally used. The GCS 7 days post-trauma and GOS at 1 month and 3 months post-trauma are the variables that represent the patient's prognosis.
The neurosurgical procedures that are considered to be able to stop or slow down the secondary brain damage are decompression, either by decompressive craniectomy or hematoma evacuation.
METHODS
This prospective observational study was conducted on 40 patients with brain injury who underwent surgery.
13,14 IL-6, uric acid, MDA, NR2A antibodies and GSH serum levels in post-traumatic and preoperative patients (initial values) and 1 day after brain surgery (post-operative values) were measured. The prognostic association of the initial (pre-operative) and one day post-operative serum levels of these neuroinflammation and oxidative stress parameters with the initial GCS, GCS 7 days post-trauma, GOS 1 month and 3 months post-trauma were determined. Furthermore, the association between the neurosurgical procedures and the postoperative condition of the patients was analyzed.
IL-6 and NR2A antibodies serum levels were measured by ELISA. Uric acid serum level was measured by automated blood chemistry testing tool in the Clinical Pathology Laboratory of Cipto Mangunkusumo Hospital. The measurement of serum levels of MDA and GSH was done in collaboration with the laboratory of the Department of Biochemistry and Molecular Biology, Faculty of Medicine, Universitas Indonesia. Data was collected from August 2010 to April 2011.
RESULTS
Forty subjects were categorized and divided according to sociodemographic criteria, consciousness status (GCS score), diagnosis, neurosurgical procedure, quality of life (GOS score), and IL-6, uric acid, MDA, NR2A antibody and GSH serum levels ( There is a significant association between the initial IL-6 serum level and the initial GCS score, p value: 0.001 and prevalence rate 11.4 ( Table 2 ). The postoperative IL-6 serum level showed a downward trend compared to pre-operative value with a mean decrease of -190.61 pg/mL, p value: 0.001 (Table 3 ). The postoperative IL-6 serum level was significantly associated with GCS 7 days post-surgery (p = 0.006) with OR 24, meaning that patients with post-surgical levels of IL-6 < 100 pg/mL had a 24-times higher chance of getting the 7-days post-traumatic GCS > 8 ( Table 4 ).
The post-operative IL-6 serum level was significantly associated with GOS 3 months post-trauma (p value: 0.016) with OR 11.6, meaning that patients with postoperative IL-6 levels < 100 pg/mL had a 11.6-times higher chance of reaching the 3 months post-traumatic 'favorable' GOS ( Table 4 ).
The post-operative uric acid serum level had a downward trend compared to pre-operative value, with a mean decrease of -0.26 mg/dL (Table 3 ). There was a significant difference between the mean post-operative uric acid serum levels in patients with 7-days posttrauma GCS ≤ 8 (mean: 4.16 mg/dL) and in patients with 7-days post-trauma GCS > 8 (mean: 2.71 mg/dL; p = 0.042; Table 4 ).
The post-operative MDA serum levels had a downward trend compared to pre-operative value, with a mean decrease of -0.08 nmol/mL (p = 0.004; Table 3 ).
There was no significant association between surgery and GSH or NR2A antibody serum level (Table 3) and no significant association between MDA, GSH and NR2A antibody serum levels and GCS or GOS (Table 4) .
From the multivariate analysis of the association between all variables with initial GCS, the neuroinflammation variable IL-6 was found to be related with the initial GCS (p value: 0.003) with OR 9.8 (95% CI: 2.1 -45.1).
From the multivariate analysis of relations between all variables with 7-days post-trauma GCS, the neuroinflammation variable IL-6 was found to be related with the 7-days post-operative GCS (p value: 0.026), with OR 4 (95% CI: 0.2 -67.7). Neuroinflammation was the most important variable compared with uric acid towards GCS at day 7. Table 4 . Association of post-operative IL-6, uric acid, MDA, NR2A antibody and GSH with post-trauma GCS and GOS score
Multivariate analysis of relations between all variables and GOS 3 months post-trauma showed that the neuroinflammation variable IL-6 was related with GOS 3 months post-trauma (p value: 0.031), with OR 10.6 (95% CI: 1.4 -81.6), meaning that patients with postoperative IL-6 levels < 100 pg/mL had a 10.6-times better chance to achieve 3 months post-traumatic 'favorable' GOS as compared to patients with a post-operative IL-6 level > 100 pg/mL.
DISCUSSION
In our study, the initial IL-6 level was significantly associated with initial GCS at a prevalence rate of 11.4. In other words, patients with an initial IL-6 level of 100 pg/mL or below had an 11.4-times higher chance of having an initial GCS over 8. This is consistent with the study of Woicienchowxky et al 4 stating that initial IL-6 plasma levels are associated with brain injury severity. The higher the initial IL-6 serum level, the higher the patient's risk of getting impaired consciousness (low GCS score). High IL-6 serum level of patients with pure brain injury showed neuroinflammation and damage of the blood brain barrier, which led to the release of IL-6 into systemic blood circulation. 4, 15 After surgery, IL-6 serum level had a downward trend. The post-operative IL-6 level was significantly associated with GCS 7 days post-surgery, meaning that surgery may reduce neuroinflammatory processes. Neurosurgical procedures aim to reduce intracranial pressure. In accordance with the study of Hergenroeder et al, 16 high intracranial pressure is correlated with increased levels of IL-6. Intracranial pressure release after neurosurgical procedure can be ascribed to improvement of neuroinflammatory processes. 16 After 3 months of follow up, lower post-operative IL-6 levels (under 100 pg/mL) have 11.6-times higher chance of reaching the 3 months post-trauma GOS 'favorable'.
Although there was no association between the initial levels of uric acid and the initial GCS score, postoperative uric acid serum level decreased significantly on the seventh post-traumatic day. This finding is consistent with the results of Kinuta et al 17 that xanthine oxidase is located mainly in endothelial cells (3.7-fold compared to the cerebral cortex). The capillary is probably the primary site of oxygen delivery and free radical reactions, which are induced by the xanthine-metabolizing system. 17 Increased capillary permeability caused by endothelial injury leads to brain edema (secondary brain damage). 2, 3, [17] [18] [19] Neurosurgery procedures -conducted to decrease the elevated intracranial pressure -may also reduce intracranial oxidative stress.
Even though there is no significant difference in the mean value of uric acid levels 3 months post-trauma between patient groups with 'unfavorable' and 'favorable' GOS, there is a difference of 0.6 in the standard deviation. According to Sloan et al 20 in practical guidelines for assessing the statistical significance in changes of health-related quality of life in a clinical trials, it may be assumed that there is still the possibility of clinical significance with a larger number of samples. 20 There is no significant association between MDA serum levels and both, GCS and GOS. The reason might be that our measurements were not carried out in serial order to find the highest MDA levels. In several studies, the measurement of MDA was performed in serial order in the first 48 hours revealed high MDA levels in conditions with increased intracranial pressure. 9, [21] [22] [23] Nevertheless, the significant decrease of post-surgical MDA levels in our study compared to initial MDA levels showed that neurosurgical procedures may also reduce the intracranial oxidative stress.
The autoantibody reaction to the NMDA receptor (NR2A) 24, 25 is a humoral immune reaction. Dambinova et al 26 measured NR2A antibody levels in serial order within the first 72 hours, found that the peak of increase was at the first 10 to 12 hours after ischemic cerebral vascular attack. 26 Although the significant association between NR2A antibody serum levels and GCS, GOS and surgery were not found, there is still a possibility to obtain different results if NR2A antibody serum level is measured in serial order.
Highly reactive free radicals, such as hydroxyl or hydroperoxyl radicals, may be intercepted by the glutathione redox system including glutathione peroxidase, transferase and reductase. GSH transforms into oxidized glutathione (GSSG) during the glutathione peroxidase reaction and GSSG returns to GSH by glutathione reductase (redox cycle). GSH plays an important role in neutralizing free radicals and in maintaining protein thiols, in order to protect cells via the glutathione redox cycle against injury. 27 We found no significant association between GSH serum levels with GCS, GOS and surgery. In traumatic brain injury, the leading mechanism is neuroinflammation, 2, 3 while glutathione and other antioxidants may play a major protective role in mutagenetic and apoptotic processes. On the other hand, it is difficult to separate mere anti-inflammatory from antioxidative protection because the one includes the other.
Among all variables compared in our multivariate analysis, neuroinflammation is the most important parameter, which has significant association with initial and post-operative GCS score and 3-months post-traumatic GOS.
In conclusion, neuroinflammation and oxidative stress may have prognostic values in brain-injured patients, in particular IL-6. Neurosurgical procedures may decrease the neuroinflammation process.
